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© Embryogenic callus and cell suspension of inbr^ corn. 

@ Embryogenic callus of corn inbred 873. embryoigeriic cell 
suspensions of ccrn inbred 873. clones of the embryogenic 
callus and cell suspensions of corn inbred 873. corn pJanis 
and the seed thereof regenerated from the ecnbcyogenrc 
callus, embryogenic cell suspensions and donts of the 
embryogenic callus and embryogenic cell suspensicrts. and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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PR-71 61/731 5 

E.M5HY0GENIC CaiXlS AND .CELL SUSPENSICN OF INBRED CCRM 

Field of the InventiGn 
The invention relates to ernbryogenic callus of. com inbred B73 - 
a major oortnercial inbred com variety. The invention also relates to 
cell suspensions derived from enbrrogenic callus of com inbred B73. The 
cell suspensions may be characterized as uniform mixtures of ernbryogenic 

5 and other cells. Unexpectedly, the cell suspensions according to the 
invention give rise bo enbr>os of com inbred B73 under certain cultore- 
conditions described hereinb€l5>.\ T^e invention furthermore relates to 
viable seed-producing plants of com inbred 873 regenerated from the 
enbryogenic callus or erjsryogonic cell suspensions 'according to the inven- 

10 tion. Lastly, the invention concerns nutant and/or recombinant progeny of 
embrAsgenic callus or eriirvogenic cell suspension and com plants regener- 
ated therefrom. Specific ex.irples of the erbriogenic callus of com 
inbred B73, fran which er\br%r>?.jnic cell suspensions may be derived, have 
been deposited Ln the AT.erici-, T^-pe Cult-^e Collection -jnder ATCC acces- 

15 sion nurber 40116 on April 1-1. 19S4. • 

Relevant Ar: 
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Zea mays L.. or com is a major vorlcwide cereal ca:>p. Ln the 
continental United States alone, an estijr.ated 82 million acres of asm is 
planted yearly. A sur/ey of the U. S. ccm germ plasr. base conducted in 
1979 accounting for 1.3 billicsn pounds of seed oom4 determined that com 
irJbred B73 was used in the production of approximately 178.5 million 
pounds of com hybrid seed. This amount reflects approximately 14% of the 
total com seed required for Lhe 1980 planting of 82 million acres of com 
- in the United States. B73 was used to produce more hybrid oocti seed thar. 
any other com inbred line in the 1979 survey. As the major inbrsd corn 
25 line used in hvbrid com seed production, B73 is a coninercially important 
com inbred. Successful efforts to improve B73 are likely to have a major 
impact on the comnerciai com seed business. 



Current methods for L"nprcving inbred com lines are time cun- 
suT^ing, labor intensive, and risky. THus, methods that reduce- any of 
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.these problers vould represent an advance Ln the cereal breeding arts. 
One n«thod for inducirg chai^ges in an inbred com seed line is accooh- 
plished by exposing inbred seed coni to a mutagen, which may be ionizing 
radiation or a irutagenic chenical, growing the seed out, and screening the 

5 com plants for a desired characteristic such as decreased height or path- 
ogeli resistance. Seed Ercm plants displaying the desired characteristics 
are then replanted, rescreened and the seed fran plants passing the screen 
are retained. After several years and many grow-outs of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 

10 is accanulated for cotroercial breeding. 

Several problems attend the method of obtaining a modified inbred 
c^5m seed line as described absve. Inbred com lines are highly horozy- 
gous, or pure-bred. Such inbred IL-.es frequently display low vigor, and 
'as a result frequently produce few seed. If seed production is tco low, 
15 successful large-scale production of seed derived from a single plant of a 
nidified inbred line iray not be possible at all. Even if the modified 
inbred is vigorous and produces adequate nmbers of fertile seed,^ several 
years a.-^ ma.ny acres of larx3 are required to crcduce e^ch seeds to make * 
comiercial breeding possible. 
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Other approaches to tne proosgfii-iwu oca-^c^-v- — 

have also been suggested aa3 rely upon plant tissue culture techniques. 
In some of these aporoaches, cell cultures are subjected to mutace-nic 
ionizing radiation. 1^ desirable characteristic is selected or screened 
in cell culrure. Cells having Lhe desirable characteristic are croF^gated 
in culture and ultimately regenerated to focn seed-bearing plants (see 
e.g., Bottino P. J., "The itotential of Genetic ^Manif^ation of Plant Cell 
Cultures for Plant Breeding." Radiation Botany , 15:1-16 (1975). 

The feasibility of using selection techniques on callus cultures 
of certain ncn-ccmnercial com inbreds and the regeneration of pla.nts prc^ 
30 ducing seed that carry the characterstic selected in tissue culture has 
been dercnstrated fcy Hihbert et al. (see, "Selection and Caracterization 
of a E^edbadc - Insensitive Tissue Culfure of Maize," Planta, 148: 183-187 

(1980).) 
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Prior to the develop=«r.t of tne embryogenic callos lin. of com 
i^r^ B73 Of the ir.sta.t i^e«i.n. friable e^.^e„ic callus culture 
or «*rvoge.nic cell sus^.^ion c^ture of a cc^ercially ^^S"^-"^^- 
i^red =00 line has bee.n describ^a. With res^ to -^^^ ^ f 
5 lines of nonco^ercial com intreds, C.E. Green has desert a friable 
caius of com inbred A, 88 capable of regenerati.^ "'"""^-irt'Lne^- 
e^ry^er^sls (see. Green, C.E., "a^tio 2»br^ehesis an3 .Unt !^ene. 

the rirable Calus of Zeaj^-" i" P.=c. 5th Int 0,r,. 
nant tissues and Cells. «tio ^n-a ei., aapar.ese Assoc.at on of Plan. 
,0 Tissue culture, pub. Tb^, Japa.-., 1992). E^^yrogenic. ^^^bU 

callus accordi.3 to Green can be derive frc spontar.»us sec^« o^ 
o«ano5enic callus. Or,ano.er,ic callus ac=or5i,^ to Green can ^ ^ed 
as fouo.,. I^^ture z^otic e.br,cs £r» the seed of ^'^^^'^^'^ 
are r^ed fran t-he se^ an3 placed in a «uras...9e ar.3 (MS, 
,S tee H.rashi,e a^ Phv^iolccia Plantari», 15=426 (1,S2„ 

with 0.5 n^/1 2,4^, . « L-aspara5i«, and 0.7% bactoagar. ^ ^ ' 
^otic ^ryos are mooted at 2S-C «th ,6 hours U,ht per ,day^ ^Se-^ 
, Wringer, «.o. et a., 1979, V Histolcical E.»inat.cn = ^ f 
/ .^^...-o, p-on T_.=...re BPb!>« n£ Maize", Protooiasma, 101, 269 281.1 
20 rre l^:. - ^i.^. ;.otic proliferates .apidly a^eo^s 

an organogenic callus c.l.^e. T^.e epithelium of t:,e --ll»^be«»es^^ 

hi,hly n«rist..atic. Apical ^^^^^ ^ TcI^s^J^^^t '^i- 

a,ich is characterized by an «-.enceo carbial 2on.. Bee. 

^rdia are associated with t.-^ s:-«=t pri™=rdia, t.he callus .s consxdereo 
25 organocenic. 

Green's «*r^ogenic callus arises spontaneously as sectors grow- 
in, fran t.he established or=a.-K>5eni= callus or can be Induced fr^ pr-ary 
lures with proline. Proli.^, does «t as^ar to 

■ 'n 873 G-e-n's eriryccenic callus appears urdifferer.- 

- etbrvogenic callus Ji an. ^jc^h » J - ... ,„a 

... . • Ki. little organization on visual miction and 
30 tiated, highly friable, has lltae organ 

s-vwrjlturira at least every tvo weeks, rae 
is fast growing, re<niring ^ coleoptilar 

exbnogenic callus culture described by Green " _ 

stace a, MS or N6 meJiun -it-h 2% sucrose and 0.5 to 1.0 n^l 2 4-0. ^ 
aevelop,ent to t.he nutcre ^ stage is possible if tne e^r^^s 
35 are transferrea to N6 median with 6, sucrose ard no 2,4-0. The ^ture 
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embrios can then be induced to genninate on MS or N6 median containing 2% 
sucrose without horTnones. 

Green also describes suspension cultures of the erhr^enic line 
of A138 and discloses that such suspension cultures can be maintained in, 

5 MS median containing 1 mg/l 2,4-0 with 2% sucrose. When aliquots of the 
suspension cultures are plated onto solidified MS median containing 2% 
sucrose, a callus forms fron the plated suspension and embryos form on the 
callus s-^face. These e=nbryos are transferred to MS or N6 median wxth 6% 
sucrose for further develoonent. After 2 weeks on median with 6% sucrose 

10 these are transferred to lo. sucrose, hormone-free median for^r^o gen- 
eration. A183 plants may te routinely regenerated from these enbr:^s. 

A ron-regenerating cell lir« of com inbred B73 is known (see 
potrvkus et al, Ax^lied Genetics, 54:209, 1979). This cell 

line' in suspension culture was established frcm a primary culture of 
15 protoplasts fr^ pla.nt tissues of the 373 iri^red. The cells are charac- 
terized as growi:^ well suspension culture and easily maintamaole on 
agar median. Furthermore, the cells can be enzymatically b^.ed into 

. . in tu-n rece-crate '.-alls an3 become proliferating cells 

protoplasts, vhich in turn rc-e..e ^ 

cells of this line have never been induced to 



^^-^-^ Ploidy abnormalities a ch.racter- 

Zir ^11 i™>.n in och« non-regeneratir^ diploid plant «11 lines. (See 
M -g! n^o^. "Caraccerizaticn of Ceils ^ Protoplasts of the E73 «a..e 
cell Line- Plant Science Letters, 28:337-343(1982/^3). Other attempts to 
a*ieve plant re^eneratic £r» esteBlished B73 callos- have been si^^ar.y 
25 unsaccessf.^. (See Bar.-«=wia., E., "Tissue Oalture of Haxze P lantl 
Regeneration Fran Scutella Callus," Genetica Polonlca, Vbl. 23:93-101 
(1932)). 

•me ab-Uity to culture somatic cells of inbred plants in vitro 
enables the plant bre-.^er to apply t.he techni^es of microbial genetics to 
,0 .^-<.,-c b^-dinj crobl^ns in crop pla.nts. Included in the gene.ical 
Ifproaches that have acplicatia, to plant tr.^ir^ are: selection or 
mutations in cell cultures, st^yir» tost-pathogen interrelationships, 
transfe- of cenetic infcr:,>aticx, into celU t.hrough optaJce of exogenous 
heterologus Isee SzOKa et al., U. S. Patent 4,394,448, or homologous (see 
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H^^rc?e^n Patent ,^^?lication 90P32A) DNA. Furthermore, sanatic 
cell c^Llt-ure enables the plant breeder to develop, select and propagate 
s^aclcnal variants having novel or useful agrononic characteristics. 

The major obstacle to the application of these technicvjes to com- 
5 mercial com inbred B73 and sane other camercial inbreds has, until now, 
been Lhe inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The or^brycgenic com callus line and com cell 
line derived therefrom provided by the instant invention irakes it possible 
to aooly sanatic cell genetic techniques to a major a:ninercial com line 
10 for 'the first tij^e. Ihe particvilar uses to v*iich a ceVeal, and part^- 
lariv a com cell line sud. as the one described herein, can be put are 
outline in nmerous articles (see e.g., Eottino, P. J. "Potential of 
Gene-ic y^ipulaticn in Plant Cell Culture/ Radiation Botany, Vol 15: 
1-16 (1975) and Vasil, I.E., "Plant Cell Culture aivS Somatic Cell Genetics 
15 of Ce-eals and Grasses," Plant Inrsrovem e nt and Sanatic Cell C-=netic5 , 
.vasil, Ed.., Acad^nic Press, N.V., 1st Ed., (1933) and "Tissue Culture in 
the Production of Novel Disease-Resistant Crop Plants," Biol. Rev. , 
54:329-345 (1979)). 

These uses incl'jde s^^lection at the cellular level of mutations 
20 for resistar.ce to toxic substanc^^s, such as herbicides and substances 

produced bv plant ?at^:ogens. Since the selections are carried out at tne 
cellular level, it is likely that whole plants regenerated f rort. t.he cells 
will show the selected charact(jristic. It is significant that such a 
svster vould allow plant breeders to select (or screen) for the desired 
25 characteristic fron among thousands of cells Ln a single oilture dish or 
flask, whereas a large field plot vould be required to select or screen a 
'o^rresponding n-^ber of seed crovn plants according to traditional plant 
^ breeding methods. 

It has, for example, been denonstrated that com plants derived 
30 fron Black htexican S.^et com, a non-caTTT>ercial caltivar, can be regen- 
erated fran tissue cultures tl^^t have teen selected for resistance to 
lysine aa3 threonine an3 that tissues of the regenerated plant likewise 
croduce com olar.t tissue thnt is resistar.t to lysine and th.reonme. See 
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Hibberr, K.A et al. , "Selection ar,3 Q,«a«erlzation o£ a Feedback - 
Tissue culture of «aize," Planta. U8=,83-,e7 ,1980,. 

The utility of such selections carried out in callus ailtures has 
also been denonstrated by the regeneration fr« callus culture of com 

5 plants resistant to southern com leaf blight, a plant disease caused by a 
Lthotoxin produced by tte plant pathogen Heli«nthosporium ssjdis race T. 
Z exEOsir^ com callus to the pattotacin produced by the plant pathogen, 
resistant callus was selected. SignitieanUy, the progeny of certain 
resistant plants wec« alsD resistant to the toxin and plant pathogen. 

,0 B,os callus culture of a com cell line is d»cnstrably effective in the 
develop^nt of pat.ho^en resistant com seed." (See Gengenbach 
■inherrance of Selected Pat.>»toxin Pesistance in Ha.^ Ian s ated 
^ cell Cultures,- — . Acad. Sci. CSA, 74:5,13-5117 (1977)). 

Brief Description of th e Drawincs 
Figure 1 is a representation of an isozv^ patten, for esterase 
■,5 Obtained by starch gel electrod^resis as tother described in ^^le 7. 

Figure 2 is a representation of an Isozyine pattern for alcohol 

u '^'-==^'3 as farther described 
dehydrogenase obtair>id by starch gel elect...^ 

in Exanple 7. 

Figure 3 is a representation of an isozyme pattern for glutamate 

bv s-ard^ qel electroohoresis as further described 
20 .dehydrogenase obtained by s.arcn gei eaev. . 

Ln Exarrple 7. 

Figure 4' is « representation of an isozyme pattem for ^-^lu- 
„sidase obtained by star* gel electrophoresis as further described xn 
Exaitple 7, 

Sunmarv of the Invention 
„ The present i^enticn conprises tissue cultures of com inbred 

line B73. *ese tissue cultures are characterized as 
cultures of a=m inbred 873 ard cell susp«,sia, cultures derived frc. the 
Cryogenic callus calt^e of cm inured B73. .s used herein, the er. 
!^enic callus- is defined as a friable callus having no vis>^le 
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or..ni..tion on i^inte^oe m^i» but on regeneration medio, organizes 
irto discrete globoiar str.«v«s, a portion of O^ich germinate to f.r. 
plants. 

AS used herein the teem Variation" is defined as phenotypic 
changes that are: stable. I.e.. they persist In the absence of the event 
that induced the change; a«3 heritable, i.e., the new p*,enotyie is trans- 
mitted to da^hter cells *en they divide. aa.^es in phenotype that per- 
sist only so lo.-^ as t.-.e cells or tissues are r^intained In a new environ- 
ment are referred to as physiolooical responses. 

-Oenetic variation" is used herein to describe herita-ble vari- 
atio, that is sexually transmitted to progeny of J^/"^"' 
cultured cells or tissues, l^e ter. ^tanf is reserved for e^.e ^cial 
case Of cenetic varlati^ in *id. a trait is tran^itted .,e.otically 
according to well-established lavs of iaheritanoe. ;*en t.he nature of t.ne 
15 heritable change is not known, t-he term "variant" is used. 

AS used herein the te= "regenerated", referring to plants, 
„.a.ns plants derived fr» cell an3 tiss-oe culture, l^e te=. "cr^er.y" 
"ar. Pla..ts obtained by sel£-£ertilizati»„ sibli.^-fertilizat:on, bac.- 
crossing or out-ctossirq of t-^e regenerated plants. 

JO AS used herein the teo "done" refers to callus or cell suspen- 

sions propagated fran an estii:lishe3 cell suspensito or callus line. 

The ^ry^ceni'c callus culture of com' inbred B73 characteris- 
tically is a collectlo, of s*stantiaiy isodianetric cells- >*ia ^ - 
cl^ps or aggr^ates of cells c solid :^ntenance o^iun such as ^ 
« .ediL or N6 ^edi.. that has be« supple^.ted with 0.25 to > 0 ^12,.^ 
^ « (wt/vol, sucrose. On «.inte^ce ^i™ the e*r^en.c callus is 
friable, i.e., easily broKen into =^ler of ""'f 

cells, under the light mcroscote, no continuous epidermal layer i 
visible in the =^>o;enic «Uus. In ge.neral, t.^ -^-^-^.f . 
30 yellow-brown in color. Crou-.>, of the «*rycgenic callus xs rapid, as^re. 
sured in fresh «ight acc»il3ti«,; t.'^ «*r^enic '^^"^ ^J^- ^ 
,i^s faster than the organc^enic callus ailture fr» *ich it arose. A= 
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a consequence of its crou-Ji rate, the er^nxxenic callus needs to be 
transferred to new median every 1-2 weeks. 

The embryogenic callus is further characterized by the absence of 
differentiated plant structure such as snail shoots or their prunordia, 
i roots or their prijiordia, arx3 meristems. A characteristic of cell suspen- 
sions derived frcm the callus is the production of a mucilagenous poly- 
saccharide in media containir^ sucrose and 2,4-D. This polysaccharide has 
been identified as a glactose-nvannose polymer. 

The nost notable characteristic of the embryogenic callus is its 
3 formation of embryo-lLke structures. The embryo-like structure^are com- 
pact a«3 globular. 3y transferring the globular structures to a hormone- 
free median such as MS oi N8 !«dium, sane of these globular structures can 
be infuced to fcm plants. The plants can be transferred to soil and 
fertile B73 com plants are obtained. The progeny of these regenerated 
5 plants are substantially identical in form to seed^rown 373 plants. 
Ihus, -the invention enccr?«sses com plants regenerated from an embrM>- 
genic callus of com inbred B73 and the progeny of the regenerated com 
plants. 

The invention father cor^rises errb-.'cgenic cell suspension cul- 
0 tures of enbryogenic callus culture of com inbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 corn 
plaints. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on ^E medium'. The friable 
callus is transferred into a median suitable for maintaining suspension 
S culture, e.g. MS median" with 2 mg/l 2,4-^3, and is placed on a gyrotary 
shaker at 130 rpn at 28'C. Call suspensions are induced to form globular 
embryos by plating on solidified MS -or N6 median containing no horr^nes 
and 2^% sucrose. Globular enbryos' are transferred to solidifi-ed MS or N6 
median containing no honrc«es, 2% sucrose and optionally charcoal added to 
30 adsorb residual hormones, if any, and plantlets form on this median. Thus 
the invention encompasses com plants regenerated from an ^rtoyrcgenic cell 
suspension of com inbred B73 art3 the progeny of the regenerated com 
plants. 
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invontion will be better understcxxS fron the following exa-.- 
ples v^id. are interxfed by the inventor to be e.e..pl.ry only and non- 
limiting. 

BaMPLE 1 
Initiation of Organeoenic Culture 
Plants from naizs inbred line B73 were gro"- to maturity in a 
S =reert»use supple»ente3 with metal halide lichts (15 h=urs/<fay) arf main- 
•tained at X'C during the day and 2VC at niaht. These plants «re seH- 
or siblino-Eollinated. I».ture zw=tic ^ri« 1.0-2.;0 ministers (m^) 
in length'(12-14 days pst polli.-.ation) were asep-.ically ren».ed frcnusur- 
fa^ sterilizes kernels ^ placea Hat side do«, cn t.^ inltiatlcn medium 
,0 whioh contained MS salts .and « vitamins, 150 r^A asparagine 0.6% agar, 
0.5 ^/l 2,4^ and 12% sucrose. All citure .edio, ha3 been adjusted ^ a 
pH of' 5.8 prior to autoclaving. Cultures «re incited in tr.e oar. a. 
23-C for 2-3 weete, when a car.paG-. wite tissue proliferated rrcm the 
ool-orhizal en3 of the scutellum. B.e zy;oti= et6noni-c 'shoot axis w^s 
,5 not'part of the proliferatlr^ tissues. B« *ite conpact tissue «,i=n «s 
a==osed of =nall parenohy.a-liVe cells with ,»riste.atlc regions 
covered by an eoider^ layer. N.^r=^ toot neristers, oocasional s^rs 
=t:.rch orains «re seen in this tissue. *ite cmpaot tissue was ■ . 

..• tran<-errp3 to a jialntenince mecitrr., wiici w&. 

resojed frati tie enDrjos, tra.is.err.^ a, =„j is 

20 the s^ as the initiation ^1- but included 0.5-1.0 m/1 2,,-D and 
sucrose, an3 culturef unSer Pcrolltes ,1500 L^) a-. JS'C. Cultures v«re 
transferred to 'fresh irsdira every 10-20 days. 

Ihe coroact tissue prcducrf cn the. initiaticn n,edla..bec3:r.e 
extr««ly hetero="enea:s a,en transferred to th, ^tenance .«diu, 
2S erous shoots, rcots, as well as friable and cc^ct gre^n tissues becj.e 
- visible. Uafy a«3 rooty tissues «re carefully r«,«^ed ano ciscarued 
fron the carpact organogenic tissue at each transfer. 

After ore year of continuous selection against non-regenerating 
r^lons ^ rcots, tf* resulting organogenic tissue «s dark 
30 pact, convoluted a«a c^ered by a «U-defined epidermis. This epider^ 

layer r=>«ined continuous even in zo^s that profuced sheet 

Jlste^tic centers were coc^, beneath the epicer::,al layer. This tissue 
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«s charactetizri by an extr«nely slow srovth rate a,ich cD'old be 
increased by the addition of 9 Jeatin. Tf.e addition of zeatin also 
ceduced the quantity of tissues notrolly selected agaLnst. 

EXAMPLE 2 

Initiation and Selection of Enfcrvoaenic Callus 
A friable, fast-stowing callus was selected fro. the organogenic 
S tissue after over one year in culture in the foUowi,^ .r^r. The 
organcgenic callus from v*,ioh the «nbryogenic callus «s isolated was 
transferred to maintenance i«di« ccntinlng HS salts art HS «_t_^ins, 150 
™A asoaragine, 1 2.-»-0- 1 '^A 3,5^ichlorophenxy acetic acxd 
,3 3-0)', 2% sucrose and 0.6% «shed agar. The organogenic callus w^s 
,0 transferred after" 3 weeks to^fresh t-^ving the sa^ =n5onents. 

After a total of 3 weeks on the msdiun., the eiibryojenic callus 
appeared as s^all isodia^tric cells having dense cytoplasn, and large 
nuclei on microscopic ex«ination. The sectors «re e*edded in a 
«cilacenous ratrix. The sectors ^ collagenous »trix «re reroved 
,5 fron ^ surrouMing c^P^. organogenic callus witl. sterile t«ezers or 
v..e r^ed by scraping with a sterile scarel. ^e sectors and «cUa- 

-i^^-r^ ^ «:„-nhonanf^ mpdium as describea above out 

qenous matrix "-ci-e f-^wwu- — ■ , -> • ^. 

lacking 3,5-D. Friable erbryogenic callus grew a3=roxj.-nately 3 ti.-nes 
faster than the organogenic tissue the n,aintenance medium with 3,=-D. 
,0 Altho^h the ^^enic callus was initially isolated fron an organogenic 
callus that hai been gro« cn ^int^ence .rii- inclv^ing 
genic sectors have been scbse^ently isolated fee organogenic callus that 
has been maintained without 3,S-D. These isolates, however, tend to 
rapidly organize and cannot be maintained. 

EXAMPLE 3 
Tf^tHation of Susp ension Cultures 
„ One and seventy-seven one-hun3re2ths gran (1.77 g) of friable 

callus tissue fron com irl>red B73 was ir»oilated into 25 ml of MS medium 
having the following canconents: 
magnesian s-ol fate -sever, hvxJrate (M3S04'7H20) , 
calcian chloride-dihydrate (C2C12-2H20) , . 
30 potassion nitrate (KNO3), 
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anronion nitrate (NH4NO3)/ 
potass ion phosphate (KH2PO4), 
manganese sulfate-four hydrate {MnS04-4H20), 
zinc sulfate • seven hydrate ( 2nS04 • 7H20 ) / 
5 cupric sulfate-five hydrate (aiS04-5 H2O), 
cobalt chloride-six hydrate (Coa2'6H20 
potassiuTJ iodide (KI), 
boric acid (HsBOs), 

sodim nolybdinun oxide-dihydrate rjJa2MoO4-2H20), 
10 ferrous sulfate -seven hydrate (FeS04-7H20), and 
sodiun ethylenediaminotetrace tic acid (Na2EOTA). 

In general, as used in the invention, the exact concentration' of the salts 

can be varied within limits without departing from the invention.^ ^_ 

stanaardize the makir^ of the- media, however, the concentrations of the 
15 above listed minimal salts arc as follows: 

!^S04 -70-20 370. milligrams/liter (ng/1) 

Caa2'2H20 440 rog/1 

KNO3 1900 

NH4NO3 "'^50 mg/1 

20 KH2PO4 ^"^0 mg/1 

MnS04-4H20 22.3 nc/l , 

ZnS04.7H20 8.6 mg/l 

.COSO4.5H2O 0.025 mg/1 

COC12-6H20 0.025 mg/1 

25 Yj 0.83 mg/1 

H3BO3 6.2 mg/1 

Na2to04 • 2H2O • 0.25 mg/1 

FeS04-7ri2O 28.75 mg/1 

Na2EDrA 37.25 mg/1 

30 The median further contains the following vitamins, hormones and 

carbohydrate sources: 

Thiamine-HCl 0-2 mg/1 
Pyrodoxin-HCl 

' Nicotinic acid . 1.3 mg/1 

35 Calcion pantothenate 0.25 mg/1 

L-asparagine 132.0 mg/1 



2,A-0 2.0 mg/1 

2% weight/volone 

6.0 



sucrose 
pH 
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The friable e!nbr;^:cenic callus and medium are placed in a 100 ml 
Delong flask a«2 are incubated at 27*0 on a gyratory shaker at 130 ran 
with indirect lighting fran Agrolites for 16 hours a day for 7 days. Cul- 
tures were transferred every 7 da^-s in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same nedia in 250 ml Delong flasks. 

Bnbryos are generated frcm the suspension cultures by removirg a 
one ml aliquot from a 7 day old transfer and placir.g it on a solid plant 
growth medium such as MS medium or N6 medium containing no hormones or 
0.01 itg/1 2,4-0 and from 2 to 6% sucrose. The plates are maintained under 
10 the conditions described in Example 4 for approximately one.wesk:^ Plants 

may be regenerated from the enbryos by transferring the embryos to K£ or 
- N6 media containing no hormones and 2 to 6% sucrose as described in 
Example '6 below. 

EXAhgLE 4 
Fontvation of Enibyros and Plantlets 
A 15 dav old suspension culture having a volijr.e of approximately 
15 • 25 ml was placed* in a sterile centrifuge tube and the cells «re spun down 
at 1000 rpn for-5 minutes. The supernatant was discarded and the cells 
were resuspended in 25 ml of hontone free N6 medium containing 6% sucrose. 
One ml of 'the resuspended cells was dispensed onto solid N6 median con- 
taining 6% sucrose, no homcnes, and 0.6% washed agar (K.C. Biolcgicals, 
Penex, Kansas). Ihe plates were covered and maintained at 27-C under 
Agrolites at 1000 to 3000 lux for 16 hours a day. ■ After 23 days,, numerous 
globular structures grew cn the hormcne-frW N6 mediun containing 6% 
. sucrose. These globular structures were removed and transferred to 

hormone-free MS medium with 2% sucrose and 0.1% .charcoal. After 6 days 
25. four plantlets approximately 1 to 2 centimeters (cm) in length having 
shoots and rnots were obsen'ed. 



20 



EXAMPLE 5 



Recjeneration of B73 Plantlets frcm Suspension Cultures 

A B73 suspension (maintained as a suspension for aroroximately 4 

months) was centrifuged at 1000 rpn for 5 minutes to pellet its cells. 

Ihese cells were then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 .Tg suspended cells/ml hormone-free medium. One ml 
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. -,™ noo ^ «lls) was ^to « ho»one N6 .eaiu. -ith 2% sue- 

of meaian (lOO i<y c^J'^^i ■. f 

rose, O.li charcoal, cH = 5.8. 

«ese p. -.es «re Ino^hat'ed « aa'C in .-.e dar.. After one 

p^^o^ u*^irh wei^ then transferred to tresn 
^irv^iilar structures focr^ed vnicn were urai 
month, gloooiar: i>wx.uv.u«*. ^ -j wf^ks. many of 

, ^i^ er^ placed u«3er Agrolites. After approximately 3 weeks, 
these structures had developed into plantlets. 

f 

EXAMPLE 6 

2B-C in the da*. «ter 27 d.^. n^e™:s P^-^" ^ 3 , , 

0 tr^sferred t, plastic tiss^ ^'^J^'l^'"^^'^ sucrose. 

. . en »«i o»f hr^r-nQne free M.S. meaiuu wiu.i 

inches) containing 50 nd of hcrrrx^e r- transferred to 

Aft»r aa:roxi;nately one itonth, six of these plants we.. 

All of these plants v«re gro..n to maturity, 
pots in the greenhouse. All oc tnese 

EXAMPLE 7 

Isor.»e O=n^rison ?£ E^^-^V'^Se'" 

a nd Non-Ejton ^^nic tissue . 

. , ^, ^ . Vvv. com inbred B73 tissue indicatec 

^, re -1^ L- an ecual «ioht of »«n^eni^tion buffer mnta.ning 
,5 below «re placed «n ^ at i« 7.4, an3 «s ho-cgenizeJ 

::i:r.-::.r:^-=er. .e ^^te -^--^ — - 
- — :s ^^^^^^^ 

- t^': ta^en directly fro. 6 old ^ee^use .intained B73^1ar.ts. 
., . V . 'r- -'^ts --x dai'S after cetaination fran seed. 
52^^2Etile - tax^. -^J"*^ ^ ^^.^ i„ ,i,aile6 

25 Sheets - taken from mature B73 seeas one uay 

Scutell^ni^an fr™ -fure B73 e.*r^ one day after soaXi^ in dU- 

tille3 water. , 
Zv-cotic Enijrvo - t3:<en 19 dav^ after foUination. 
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.^.....o .vncic Rescued - .taken 12 days after pollination and then 

t-ansf erred to the itediun of Exaniple 3 for 7 days. 

P^rvocenic - 2,4^P - friable enbryogenic callus tissues of B73 that v«re 

naintained on the nediun of Exarnple 3 without 2,4-0 for 19 days. 

5 Enfcr yocenic ^ 2,4^ - friable e^ryc^enic tissues of B73 that vere mam- 
tained on the medium of Example 3. 

Oroanocenic - oraanogenic tissue of B73 that were maintained on the medium 
of Exarole 3. 

Figures 1-4 aru representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns show the following results: 

Esterase - Figure 1 - Embrycgenic cultures gave the same isozyme 
patterns as rescuei zygotic embroyos and organogenic cultures gave the . 
same isozyme pattern as nuture leaves. 

Alcohol dehydrogenase - Figure 2 - organogenic cultures and 
15 erfcryogenic cultures oa nedim without 2,4^ gave the isozyme pattern 
as zygotic erbryos, but (Cryogenic cultures on the same medium containing 
2,4-D did not. 

Glutamate dehytSrogenase - ngure 3 - sr^^.-sC.-c 

without 2,4-0 9a« the pattern as zv^otic e*r^, but e*ry^ 
20 genie c-jltures c^Mintenance iMdim. with 2, 4-C did not. 

A -Gluosidase - Figure 4 - atoi-cgenic and organogenic culture 
gave the san« pattern as coleoptiles a different pattern than zygotic 

Biese results supcort the characterization t-hat regeneration 
25 frcn, ^brycgenic cultures proceeds bi-.a ty^ of sanatic ^rycgenesis. 
n,e presence of isozi^cs usually associated with coleoptiles suggests .ha. 
U,e timir, of e^enic develofr^ntal events ,«y be different than tha. 

of of zygotic enbrvos* 
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of Srr'r\'Ocenic p/j ■i.-lj^u'^- . 

T^TTof a erbtycgenic cell suspension of com inbred 

B73 was transferred into a fresi, 50 ^ ali^t of th.e nediu-n of ^3^1e 3. 
The cultures were 9"* in light at IVC in a shaker at 130 rp,. 
ZTl days, cells ^ debris «re r^^ed fro, the ^i^ ^ =entri^a- 
"ror f iftration. The renaiair, clear culture ^i^ «s then dUuted 
«ith 3 voltes of ethanol (95* vA) at roan tanperature with stirring^ A 
^^ite fibrous precipitate for^, - -H-ted cn a 
absolute ethanol a.-^ dried in a vao^ desslcator oven.- ^= 
itate «s h^rolyzed in 1 nornal h^rochloric acid for . hours at 10 C 
^ the o^nent'sugars were =rBly.ed by 13c naf^al abundance nuclear 
„^netic resonance (13c-.->S) cn a Varian XL-200 l»B^ s?ectr»eter. 

The polysaccharide was identified as a polymer ca^lsing galac- 
tose aM H^se in atout a 4:, glactose=.anr»se ratio, ^^.e p^li-er has a 
^sitio, different fron .^i^e r»t sli=., a,ia contain, a glu«se-r c^ 
colder abundant in fucos. a.^ galacturonic acid, and «rn hul^^, wn.^ 
"contains xylose, arabi^se arf galatose in o 7..5:. rat.o (see S,..h, F. 

■ ,1 Till- -h-r'-"- "'"^ g---^ ^ '"'^''"'^'^ "-^ 

_ , u-..:-:-- o^;^',.^!^ t>.siiching Coro. , Nev York), 

PoxySaCC: iai. xuc J f 

EXA>gt£ 9 
Carton Source Utilization 
HSte-,^enic susf^nsic. .adtures of »cn Lnbred B73 were washed 
0 in carbchydrate-free .edia. ard pUted onto the «e6im of Ex^le 3 that 
h^ been solidified «th 0.« washed agar .and contained .% w/v of the 
filter-sterUized test ca:^u.->is listed in Table I below. Clony grow.n 
was assessed vUually after 2 ar«i 9 wee:<s growth ^ t.ne dar.< at 

27 'C. 

Ohe toxicity oe oalactose in th.e presence of sucrose was tested 
^ e^ryc^enic suspen'sio. cdtures of corn inbred B73 by incorporatina 
galacto^CO.l to 6% w/v) into the ^iu. of ^^le 3 conta.n.-^ % w/v 
sucrose. Go^.^h was .easur^ bv- pac3c«3 cell vol.^ (PC/)^ after 7 da,, 
incabation cn a sha:<er at ^''C in the light. 
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of E^c^enic CeUs o£ Co^ I^b^ed B,3 on Vario^. Ca.^ Sources 

B73 Cell Growth 
Relative to ^^-w-^hv^rate-Free Control 
c^iorarbon Source Relative co ^ 

-H-i- 

sucrose 

D^lucose ^ 
soluble starch 
D-(+)-galactose 

-lactose 
D-sorbitol 
L-proline 
0 (control) 
L-(+)-arabinose 
inyo- inositol 
-0-(+)-fucose 

L-glycine 
' L-arginine 
L-(-) -xylose 
I>-(+)-mannose 
DL-fnalic acid 
D-cnannitol 
L-(-) -sorbose 

-L-rhamnose 
L-^lutamic acid 

+ = Visibly detectable QTWth. * 

Most of the crion soCrces did -»t growth of the cells 

^ the bes growth «s Ctaine. with sucrose 3,^ glucose. Soluble s^ra 
growth cf the cell li-^' after ^ initial lag f^rxod. ^e 

S fair e^enic cor. cell line of B,3 shoved limited growth 
response to galactose. 



+ 
0 
+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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The embryogenic callus of com inbred B73 which crew cn starch- 
containing plates appearecJ to lack the galactomannan secretion preser^t in 
the plates containing sucrose or glucose. Suspension ciltures of the same 
tissue growing cn starch produced no detectable amounts of galactomannan. 

EXAMPLE 10 

5 Plants obtained in Scaiple 6 were groun in the greenhouse and 

were either self -pollinated, backcrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R]S] for 
self-pollinated, RiBCi for backcrossed and RiSibi for sibling pollinated). 
The com progenies were produced fron four regenerated plants. Tw o .o f the 
10 regenerated plants were self -pollinated using the rain stem ear and a 

tiller tassel. Because of asv-nchronous emergence of tassels and sill-cs and 
frequent occurence of tassel-^ars, the remaining regenerated com plants 
could often riot be self-pollinated, but Listead v^re used as female 
parents in crosses to seed-gr^wn 373. 

15 The seeds produced were grown out in the field bet'-^n Decerroer, 

VS83 ard March 1S84. Plants w^sre evaluated in early February, which was 
approxi-nately two weeks post-pollination for the com. A total of ten 
rows of regenerant progeny were planted out ear-to-row. In acditio;n, t^-p 
seed^rown' plants used as male parents in crosses with the regenerants 

20 were also self -pollinated and used as check rows. Traits examined 

included: plant height, ear height, ster. diameter, leaf number .and any 
evidence of single gene inutatior^s affectL-^g plant appearance. vNhile some 
rows showed evidence of salt stiess, no differences could be seen bet-^^een 
the RiSi, RiBC^, and RiSibi prcceny and the seed-grown check rows. 

25 Prcm the foregoing it will be apparent to those skilled in the 

art that embryogenic tissues cell suspensions of com inbred B73 will 
enable plant breeders, practitioners of methods of plant tissue and cell 
culture, and plant moleoilar biologists to carry out major improvements Ln 
this valuable and widely used com inbred. The embrycgenic cultures of 

30 "com inbred B73 provided by the instant invention make it possible, for 
example, to subject these cultures to in vitro mutagenesis to induce vari- 
ation in com plants regenerated therefrom. hfeLhods for chemical and 
physical mutagenesis as well as cell culture techniques for the recovery 
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, .r^ v*ll --^^ to tlose skilled ii> the-art (see for 
Of .esira^le ^a..-,- - ^^^^-^^^ ^^i.ally Useful ,*:.a- 

rr^'w Trea««;t with Ethyl .^tha^scl^onate,-^^ 
t.ons «aize Seed W -E^^ination of WF3 

-f 2!im^ ^^^sarL, Resistance.- InduceiJiitatio::^ 
5 Hutants Soblines for ^ Ur., "M 

iSailStll^t^;^^;^^^^, o, stents fro. Plant Cell 

^rlf crop Plants v a Sir„le Cells in Vitro - M Assess- 
-in^c^e^nt °£ ^^^^ i^ention U considered 

,0 «nt,- z,_Plan«-^ «U suscensioc^ and corn 

::tr:::::e::r:r.:::--»-»----^^ 

regenerated com plants. 

■ abii ity to ceoenerate whole plants fran th.e e*r:C^eni= 
^ s^^nsitn ;^t.res of com i*red B73 pr^idei by tne . 
15 tissue and cell ^=5^""=" ^ i„ the art to carry out in 

mention aso en... ^ e s^^- ^^^^^ ^^^^^^^^ ,3,, 

^ selectioosjcr al., ^th „.ntioned hereinahc..e., ^us, 

Hibbert et al. and 3e e cultures of com i*red 

using the e^ryogenic -iss* or cc ^ ^ ^^^^ ^^^^ ^^^^^^^ . 

. ^u- invention, it is t-" ■ 

20 B/J or t.,= - herbicides and patho- 

inbred B" selective agents an.d 

toxi^. to ^ selective agents. Thus; cor.sidered 

, to regenerate P^-J .^,„,i„ „e <^ry^-i= 

within the com plants a,^ seed ■ 

25 cells of com -^/j^/ ^ — eny of t.he regenerated o=m 
thereof regenerated -ner.czw. 

plants. 

.iU also be readily apparent to those s-Killed in .he art 
that ».ry;enic tissue cell susPensi. ^ ^ ^ _ 

- ---Nfb °::rr:rrtsTrrr^- tissue ^ture a. ceU 
inbred B73 by regeneratinc . .^.^^ invention. 

.us^nsion cultures of J^^f^^^Z.^ „\hose skilled in t:-. art 
^ "1"..r:r.:lrral . Christ venation aM .regency of 

" i»t«!-iate5 -ith Che in vitro Culture and Hant 

35 Spontaneous Mu^.atian rtajsv.^- 
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Regeneration Ln Maize." Mavdica 26, pp. 39-56 (1981 ); 3eckert et al., 
"Etude de la Variabilite Geneticue Cbtenoe O.ez le Mais tores Callogenese 
et Regeneration de Plants in vitro , Aororoffiie 3. pp. 9-18 (1983); and 
Larkin et al., "Sop'iclonal Variation - A Itovel Source of Variability fran 

5 Cell Cultures for Plant Improvenent," Theor. Appl . Genet. 60. pp. 197214 
■ (1981). A large bodi' of literature In fact suggests Lhat plants regen- _ 
erated fran culture are characterised by an unexpectedly high rate of 
stable propagatable chenotypic variation. See Rice. "Tissue Culture 
Inbred Genetic Variation in Regenerated Kaize Inbred," 37th Ann. Com & 

10 sorghun Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising fran sanaclonal variants regener- 
ated from 'com inbred 373. Such characteristics ray be stably raainteined 
in the secorri generation progeny of the regenerated plants and will 
generally exhibit either MerxJelian segregation (e.g., 3:1 ratio for single 

15 gene traits) or uniform expressiao since scnaclonal variation arises in 
diploid cells and may generate bcmozygous variar.ts. Thus, the invention 
is considered to enconpass scmaclonal variants of the enbrycgenic callus 
and cell suspension of com Lnbred 373, com plants 'and the seed thereof 
regenerated therefran and the prccer.y of the regenerated com plants. 
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CLAIMS: 



^Dnbrvcgenic callus and enbr^enic cell suspensions of com 
inbred B73 and the clones thereof. 

2 com plants and the seed thereof regenerated from arbryo- 
genic.callu^ an3 e^r^ogenic cell suspensior. of o3m inbred B73 aa5 the 
5 clones thereof. 

• 3. Mutagenized enbr^enic callus and mutagenized cell suspen- 
sions of com inbred B73 and clones thereof. 

• 4 torn plants and the seed thereof regenerated from nuitagen- 
. ized enbrio^enic callus ^ mut^enized cell suspensions of com inbred 
10 B73 and the clones thereof. 

. 5 prc^eny of com plants regenerated fron enbryogenic callus 
^ enbr^^nic'cell sus,«nsi^ of com i^red B73 and clones thereof, 
said progeny including rmtants and variant orcgeny. 

. of com inbred E73 having the character- 

* .n,Krvoaenic callus of com inbred 873 deposited tne 

srsoITior. ae^ivea said ^r^o^enic cUos an. clones sa.a 
, e^enic callus or ?,i=ci^enic cell suspensiccs. ^ 

7 0=cn plants ad the seed thereof regenerated fron the 
,0 ^^^enic'callus an. e^enic cell «ons f clones of sa.d 
^enic callus or '.^ryc^enic cell suspensions of aa« 4. 

' ' 8. Mut^erdzrf er^rv^enic callus of com inbred 873 said 

, of com inbred B73 havi-v, the characteristics of an 

! S ul I com inbred B73 deposited in the X^rican Type 
«^yc^en.x callus of CO „„tagenized cell 

" Ts^:: ".t: rryo^enic callus a. clo^ of said .uta- 
reStea «^^enic callus or »^^eni,. cell suspensions. 
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9. Com plants and the seed thereof regenerated fron the muta- 
genized e?i:r>'05enic callus and mut^genisod cell suspensions and clones of 
said nutagenized eri)r\ogenic callus and nutagenized embrvogenic cell sus- . 
oensions of Claim 8. 

5 10. Progeny of corn plants regenerated from embryogenic callus 

having the characteristics of an enbri^^Jenic callus of com inbred B73 
deposited in the A-nerican Type Culture Collection under ATCC Accession 
Nunber 40116 or regenerated fron cell' suspensions derived fran said 
enbrvogenic callus having the (i^aracteristics of an eriDryogenic callus of 
10 com inbred B73 deposited in the ^JDerican Type Culture Collection under 
ATCC Accession Na-nber and clones thereof, said progeny including 

• mutants and variant progeny. 

11. An eribrsogenic callus of com inbred 373 as deposited in 
the Arrerican Tv-pe Culture Ccllecticn under ATCC, ;ircess ion Nirrber 40116, 

15 cell suspensions derived from said enbr>cgenic callus and clones thereof. 

12. Com plants and seed tl>ereof regenerated frcn the ernbryo- 

' genie callus of corn inbred B73 as deposited in the A-nerican T^-^ Culture 
Collection under ATCC Accession Nurbcr 40116 cell suspensions 

derived from said enbvTogenic callus and clones thereof. 

20 13. Mutacenized ernbrN-ccenic calTus of com inbred 373 as 

deposited in the A-nerican Type Culture Collection ancer AJTCC Accession 
Number 40116, mutagenized cell suspensions derived fran said ernbryogenic 
callus and clones thereof. 

14. Com plants and the seed thereof regenerated fran the nuta- 
25 genized callus, mutagenized cell suspensions and clones of said mutagen- 
ized CTbryogenic callus and mutagenized cnbryogenic cell suspensions of 
Qaim 13. 

15. Progeny of com plants regenerated from the errJ^rycgenic 
callus com inbred 373 as deposited in the A-nerican Type Culture 

30 Collection under ATCC Accession N\imbcr 40116, cell suspensions derived 
fran said CTbryogenic callus ard clonci^ tl^ereof , said progeny including 
mutant and variant procency. 
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